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Introduction 

Neurodegenerative diseases, including Alzheimer’s disease, 
Parkinson’s disease, Huntington’s disease, and amyotrophic 
lateral sclerosis, represent some of the most debilitating 
disorders of the nervous system. These conditions are typically 
characterized by the progressive loss of neuronal structure and 
function, ultimately leading to cognitive decline, impaired motor 
control, and death. Although their etiologies are multifactorial, 
aberrant enzymatic activity has been implicated as a central 
driver of neurodegeneration. Dysregulated enzymes, such as 
cholinesterases, monoamine oxidases, β-secretase, and kinases, 
play crucial roles in the pathological accumulation of toxic 
proteins, neurotransmitter imbalances, and oxidative stress. 
Consequently, enzyme inhibition has become a major 
therapeutic strategy for neurodegenerative diseases [1]. 

 

Description 

Computational biology has played a transformative role in 
accelerating the discovery of enzyme inhibitors for 
neurodegenerative diseases. Molecular docking and dynamics 
simulations enable detailed visualization of how small molecules 
interact with enzyme active sites, highlighting critical binding 
residues and conformational changes. For instance, structure-
based docking of novel cholinesterase inhibitors has allowed 
researchers to predict inhibitory potency against 
acetylcholinesterase a key target in Alzheimer’s therapy. 
Similarly, molecular dynamics simulations have revealed how 
inhibitors stabilize transient conformations of β-secretase, 
preventing amyloid-β production. Quantitative structure–
activity relationship modeling has further provided predictive 
frameworks for correlating chemical modifications with 
biological activity, reducing the need for extensive trial-and-
error synthesis. Advances in machine learning and artificial 
intelligence now allow for high-throughput virtual screening of 
compound libraries, rapidly identifying lead candidates with high 
selectivity for neurodegenerative enzyme targets [2].  

While computational techniques provide predictive power, 
chemical biology offers the experimental foundation for 
validating and refining enzyme inhibitors. High-throughput 
screening of synthetic and natural product libraries has 
identified diverse scaffolds with potential neuroprotective 
effects. Alkaloid derivatives have shown potent inhibition of 
monoamine oxidase, reducing oxidative stress in Parkinson’s 
disease models. Chemical probes have also been developed to 
interrogate enzyme function in live cells, enabling the mapping 
of disease-related pathways and confirming inhibitor specificity. 
The use of activity-based protein profiling allows for the 
identification of off-target interactions, ensuring that candidate 
inhibitors achieve therapeutic effects without detrimental side 
effects. Importantly, chemical biology strategies also facilitate 
the design of covalent inhibitors and prodrugs, which enhance 
target engagement and improve pharmacokinetic profiles [3]. 

A significant breakthrough in enzyme-targeted therapies for 
neurodegeneration is the design of multi-target inhibitors that 
address the complexity of disease pathology. 
Neurodegenerative diseases rarely result from a single 
molecular defect; instead, they involve interconnected pathways 
such as protein misfolding, oxidative stress, mitochondrial 
dysfunctio. Computational approaches have enabled the 
rational design of hybrid inhibitors capable of acting on multiple 
enzymes simultaneously. Dual AChE–MAO-B inhibitors have 
been developed to both restore cholinergic signaling and reduce 
oxidative stress in Alzheimer’s and Parkinson’s patients. 
Chemical biology studies have confirmed the synergistic effects 
of such inhibitors, demonstrating improved efficacy compared 
to single-target drugs [4]. 

Another critical application of computational and chemical 
biology lies in addressing drug selectivity and blood–brain 
barrier permeability. Enzyme inhibitors must not only bind 
selectively to disease-associated targets but also penetrate the 
BBB to exert therapeutic effects in the central nervous system. 
Computational modeling of physicochemical properties, 
including lipophilicity, molecular weight, and polar surface area, 
has provided valuable guidelines for optimizing BBB penetration 
[5].
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Conclusion 

      Computational and chemical biology have become 
indispensable allies in the discovery and optimization of enzyme 
inhibitors for neurodegenerative diseases. Computational 
approaches such as molecular docking, dynamics simulations, 
QSAR, and AI-driven virtual screening provide deep insights into 
enzyme structure–function relationships and streamline lead 
identification. Meanwhile, chemical biology tools validate these 
predictions, refine inhibitor specificity, and enable functional 
studies in complex biological systems. Together, these 
disciplines have advanced the design of single-target and multi-
target inhibitors, improved strategies for BBB penetration, and 
fostered the development of safer and more effective 
therapeutics. Despite ongoing challenges, including drug 
resistance, disease heterogeneity, and translational gaps 
between preclinical models and patients, the synergistic 
application of computational and chemical biology holds great 
promise. As neurodegenerative diseases continue to rise in 
prevalence worldwide, this integrated approach offers a 
pathway toward innovative, mechanism-based therapies that 
could slow or even halt disease progression, ultimately 
improving quality of life for millions of patients. 

Acknowledgement 
         None. 

 
Conflict of Interest 
         None. 

References 

1. Park CR, Kim HY, Song MG, Lee YS, Youn H, et al. (2020). Efficacy 
and safety of human serum albumin–cisplatin complex in U87MG 
xenograft mouse models. Int J Mol Sci 21L 7932.   

2. Wang H, Fan L, Wu X, Han Y (2022). Efficacy evaluation of albumin-
bound paclitaxel combined with carboplatin as neoadjuvant 
chemotherapy for primary epithelial ovarian cancer. BMC Women's 
Health 22: 224.   

3. Yasuda Y, Hattori Y, Tohnai R, Ito S, Kawa Y, et al. (2018). The safety 
and efficacy of carboplatin plus nanoparticle albumin-bound 
paclitaxel in the treatment of non-small cell lung cancer patients 
with interstitial lung disease. Jpn J Clin Oncol, 48: 89-93.   

4. Gelamo EL, Silva CHTP, Imasato H, Tabak M (2002). Interaction of 
Bovine (BSA) and human (HSA) serum albumins with ionic 
surfactants: Spectroscopy and modelling. Biochim Biophys Acta 
Protein Struct Mol Enzymol 1594: 84-99.  

5. Hein KL, Kragh-Hansen U, Morth JP, Jeppesen MD, Otzen D, et al. 
(2010). Crystallographic analysis reveals a unique lidocaine binding 
site on human serum albumin. J Struct Biol 171: 353-360. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

2 This article is available from: https://www.imedpub.com/journal-chemical-biology-pharmaceutical-chemistry/ 

Journal of Chemical Biology & Pharmaceutical Chemistry 

ISSN 

2025 
      Vol.8 No.5: 05 

https://www.mdpi.com/1422-0067/21/21/7932
https://www.mdpi.com/1422-0067/21/21/7932
https://www.mdpi.com/1422-0067/21/21/7932
https://link.springer.com/article/10.1186/s12905-022-01794-y
https://link.springer.com/article/10.1186/s12905-022-01794-y
https://link.springer.com/article/10.1186/s12905-022-01794-y
https://academic.oup.com/jjco/article-abstract/48/1/89/4259774
https://academic.oup.com/jjco/article-abstract/48/1/89/4259774
https://academic.oup.com/jjco/article-abstract/48/1/89/4259774
https://academic.oup.com/jjco/article-abstract/48/1/89/4259774
https://www.sciencedirect.com/science/article/pii/S0167483801002874
https://www.sciencedirect.com/science/article/pii/S0167483801002874
https://www.sciencedirect.com/science/article/pii/S0167483801002874
https://www.sciencedirect.com/science/article/pii/S1047847710000912
https://www.sciencedirect.com/science/article/pii/S1047847710000912
https://www.imedpub.com/journal-chemical-biology-pharmaceutical-chemistry/

